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Description 

SYSTEM AND METHOD FOR TRACKING POSITION 
OF A MOBILE UNIT USING BEACONS IN A 
MOBILE COMMUNICATION SYSTEM 
Technical Field 

[ I J The present invention generally relates to tracking position of a mobile unit in a 

mobile communication system, and more particularly to a system and a method for 
tracking position of a mobile unit by using a plirality of beacons. The beacons, each of 
which has a certain coverage, are installed within a cell coverage of a base station such 
that when a mobile unit comes into the coverage of a beacon, the current position of 
the mobile unit can be accurately determined by using information on the beacon. 
Background Art 

[2] One of the conventional methods for tracking position of a mobile unit is a 

network-based positioning approach which uses specialized location equipment within 
the network to determine the location of a mobile unit. The other conventional method 
is a handset-based positioning approach which uses specialized electronics, such as a 
global positioning system (GPS), within the mobile unit. 

[3] The accuracy of positioning the mobile unit by the conventional methods, however, 

can be significantly compromised in melropditan environments where focal ob- 
structions, such as large buildings, often disrupt signal reception. While moving 
through regions crowded with large buildings, the mobile unit oftentimes cannot 
receive signals from salcDitcs for tracking position or pilot signals from neighboring 
base stations due to crowded environments. As shown in Fig. 1 , the network-based po- 
sitioning approach employs pilot signals from the neighboring base stations to track 
position of the mobile unit. The mobile unit must receive pilot signals from at least 3 
neighboring base stations in order to accurately determine the position. In the 
metropolitan environment, however, it is practically impossible for the mobile unit to 
receive pibt signals from at least 3 neighboring base stations. 
Disclosure of Invention 
Technical Problem 

[4 1 This resulted in the significant degradation in the accuracy of determining the 

position of the mobile unit, which in turn adversely affected the quality of the location- 
based supplemental service in a mobile communication. The conventional methods 
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simply could nol satisfy Ihc expectations of subscribers for ihe location-based service. 
Technical Solution 
[5.| In order to address and resolve the problems of the conventional approaches, the 

present invention provides a system for tracking position of a mobile unit in a mobile 
communication system. The system comprises a plurality of beacons installed within a 
cell coverage of a base station, in which each beacon has its sub-coverage and 
transmits a pibt signal to the mobile unit in the sub-coverage. Further, a base station 
controller is provided for checking whether beacon information is included in a Pibt 
Strength Measurement Message (PSMM) signal upon receiving the PSMM signal from 
the mobile unit via a base transceiver station. The base station controller transmits 
position information induding the beacon information if the beacon information is 
induded in the PSMM signal. Such controller transmits neighbor list information on 
base transceiver stations adjacent to the mobile unit if the beacon information is not 
induded in the PSMM signal. The system additionally comprises a position-tracking 
device for extracting information on the corresponding beacon from its database by 
using the position information upon receiving the position information induding the 
beacon information from the base station controller. It then tracks/determines the 
position of the mohilc unit by using the information on the corresponding beacon. Al- 
ternatively, the position-tracking device tracks/determines the position of the mobile 
unit by a conventional position-tracking method by using the neighbor list information 
on the adjacent base transceiver stations upon receiving the neighbor list information 
on the base transceiver stations adjacent to the mobile unit from the base station 
controller. 

[6| The present invention further provides a method for tracking the position of a 

mobile unit in a communication system induding the mobile unit, beacons, base 
station controller and position-tracking device. The method comprises: checking 
whether beacon information is induded in a Pibt Strength Measurement Message 
(PSMM) signal when the base station con troflcr receives the PSMM signal from the 
mobile unit; transmitting position information induding the beacon information from 
the base station controller to the position-tracking device if the PSMM signal from the 
mobile unit contains the beacon information; and extracting information on the cor- 
responding beacon from the database of the position-tracking system when the 
position-tracking system receives the position information induding the beacon in- 
formation from the base station controller and tracking/determining the position of the 
mobile unit by using the information on the corresponding beacon. 
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Advantageous Effects 

[7] The system and (he mclhod for tracking position by using beacons in accordance 

with the present invention can improve the reliability and the accuracy of determining 
the position of the mobile unit. Such system and method can further improve the 
quality of the bcalion-based supplemental services. 
Brief Description of the Drawings 

[8 1 The above and other objects and features of the present invention will become 

apparent from the following description of the embodiments provided in conjunction 
with the accompanying drawings. 

[9] Fig. 1 is a schematic diagram for illustrating the conventional network-based po- 

sitioning approach. 

[ 10J Fig- 2 is a schematic diagram of a system for tracking position by using beacons in 

accordance with the present invention. 

1 1 1 1 Figs. 3 to 6 illustrate configurations of beacons installed within a cell coverage of 

the base station shown in Fig 2. 

[12| Fig. 7 is a (low chart showing a method for tracking position of a mobile unit by 

using beacons in accordance with an embodiment of the present invention. 
Best Mode for Carrying Out the Invention 

[13] Referring to Fig. 2, the system for tracking position by using beacons in accordance 

with the present invention comprises a plurality of beacons 100, a base station 
controller 200 and a position-tracking device 300 (which is commonly referred to as a 
position determination entity (PDE)). 

[14] A pbrality of the beacons 100 is installed in a cell coverage of a base station 2. 

Each beacon 100 has its own sub-coverage and transmits a pilot signal to a mobile unit 
located in its sub-coverage. The beacons 100, each of which has the same radius of 
sub-coverage, may be installed to cover the whole area of the cell coverage of the base 
station 2 as shown in Fig. 3. The beacons 100, each of which has a different radius of 
sub-coverage, may be installed to cover particular regions of the cell coverage of the 
base station 2 (shown in Fig. 4). The beacons may be installed as shown in Fig. 5 so 
that at least three virtual pilot signals arc provided at regions having only one-way 
pibt signal within the cell coverage of the base station 2 to improve the tracking 
accuracy. Alternatively, the beacons may be installed at borders with adjacent base 
stations as shown in Fig. 6 so that two-way pibt signal can be provided at regions 
having only one-way pilot signal to guarantee the accuracy of tracking within the cell 
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coverage. The configuration of ihe beacons 100 in Ihe cell coverage of the base station 
2 may be adjusted according to the focal environments. The radius of the sub-coverage 
of the beacon 100 ranges from 5m to 300m, which can be adjusted by the power of the 
pilot signal. 

[ 1 5] The base station controller 200 transmits a Pilot Strength Measurement Message 

(PSMM) request to the mobile unit 1. It then checks whether the PSMM signal 
received from the mobile unit I during a transmission period of the PSMM signal 
indudes the beacon information. If the PSMM signal contains the beacon information, 
then the base station controller 200 transmits the position information containing the 
beacon information to the position-tracking device 300 via the switching station 3. The 
position information transmitted from the base station controller 200 to the position- 
tracking device 300 indudes pilot number (PN) information of the corresponding 
beacon 100, delay information representing a distance from the center of the cor- 
responding beacon to the mobile unit 1, and lime stamp information representing 
measurement lime of the motile unit 1 . 

1 16] When the PSMM signal received from the mobile unit 1 does not contain the 

beacon information, the base station controller 200 transmits the neighbor list in- 
formation on base transceiver stations 2 adjacent to the mobile unit 1 to the position- 
tracking device 300 via the switching station 2. 

(17] When the position-tracking device 300 receives the position information containing 

the beacon information from the base station controller 200, the position-tracking 
device 300 extracts information on the corresponding beacon 100 from its database 
using the position information. Then, it tracks/determines the position of the mobile 
unit 100 through using the extracted information on the corresponding beacon 100. 
The information extracted from the database of the position-tracking device 300 
indudes latitude, longitude, coverage radius of the corresponding beacon and other in- 
formation on environments of the corresponding beacon. The position-tracking device 
further transmits the information on the position of the mobile unit 1 to location 
servers 400. 

[ 1 8] When the position-tracking device 300 receives the neighbor list information on the 

base transceiver stations 2 adjacent to the mobile unit 100 from the base station 
controller 200, the position-tracking device 300 determines the position of the mobile 
unit J by using the neighbor list information according to the conventional position- 
tracking method. It then transmits the information on the position of the mobile unit 1 
to the location servers 400. 
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1 19] Referring now (o Fig. 7, a method for tracking position of a mobile unit by using 

beacons is described in accordance with an embodiment of the present invention. 

[20| At step 100, the base station controller 200 checks whether the PSMM signal 

received from the mobile unit 1 contains the beacon information. 

[21 1 When the PSMM signal received from the mobile unit 1 contains the beacon in- 



formation, the base station controller 200 transmits the position information incliding 
the beacon information to the position-tracking device 300 at step 200. The position in- 
formation transmitted from the base station controller 200 to the position-tracking 
device 300 indudes pilot number (PN) information of the corresponding beacon J 00, 
delay information representing a distance from the center of the corresponding beacon 
to the mobile unit 1, and time stamp information representing measurement time of the 
mobile unit 1 . 

[22] At step 300, when the position-tracking device 300 receives the position in- 

formation including the beacon information, the position-tracking device 300 extracts 
the information on the corresponding beacon from its database by using the position 
information. Then, the position-tracking device 300 determines the position of the 
mobile unit 1 through using the extracted information on the corresponding beacon 
100. The information extracted from the database of the position-tracking device 300 
indudes latitude, longitude, coverage radius of the corresponding beacon and other in- 
formation on environments of the corresponding beacon. The tolerance for the 
accuracy of positioning the mobile unit in accordance with the present invention is 
about 30 m, which is better than that of the conventional network-based approach or 
the handsel-based positioning approach (e.g., 100 m). 

[23 1 When the PSMM signal received from the mobile unit 1 docs not contain the 

beacon information, the base station controller 200 transmits the neighbor list in- 
formation on base transceiver stations adjacent to the mobile unit 1, which is necessary 
to track position according to the conventional approach, to the position-tracking 
device 300 at step 400. 

[24] After receiving the neighbor list information from the base station controller 200, 

the position-tracking device 300 tracks/determines the position of the mobile unit 1 by 
using the neighbor list information. This is done by the conventional position-tracking 
method at step 500. 

[25J The information on the location of the mobile unit, which was determined through 

steps 100 to 500, is transmitted to the location servers 400 and can be used in various 
location-based supplemental services of the mobile communication. 
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Industrial Applicability 

[26] As described above, ihc system and Ihc method for tracking position by using 

beacons in accordance with the present invention can enhance (he reliability and the 
accuracy of tracking position. As such, the quality of the local ion -based supplemental 
services can be improved. 

[27| Furthermore, in accordance with the present invention, at least two-way pilot signal 

is provided by beacons al regions within the cell coverage of a base station where 
signals from the adjacent base stations is not present, that is, where only one-way pilot 
signal is present. This improves the accuracy of tracking position. 

[28] While the present invention has been shown and described herein with respect to 

the particular embodiments, those skilled in the art will recognize that many exchanges 
and modifications may be made without departing from the scope of the invention as 
defined in the appended daims. 



